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Abstract

There are currently millions of displaced people encamped in low-quality shelters that jeopardise the health of these
displaced populations. These shelters, which exhibit poor thermal regulation and air quality, are often inhabited by
households for several years. Recently, the internal environment of shelters has been recognised as a determinant of
the health of the occupants and the indoor air quality (IAQ) and internal temperatures have been identified as criti-
cal factors affecting occupants’health. Attempts by researchers and private companies to develop healthier shelter
solutions have mainly prioritised factors such as rapid deployment, transportability and sustainability. Via a systematic
bibliometric analysis of the existing literature, this review examines the impact of shelters'internal environment on
occupant health. Self-reports and building simulation are the most common methodologies reported in the litera-
ture, but there is a disconnect between the reported shelter issues and their impact on health. This is likely due to the
multifaceted and site-specific factors analysed. Indoor air quality, thermal comfort and overcrowding are the most
commonly identified shelter issues, which are strongly related to the presence of infectious and airborne diseases. An
analysis of the available literature indicates that there is still a lack of clear guidance linking shelter quality to health.
Moreover, evidence of the impact of shelters on health is harder to find, and there is a gap regarding the metrics and
the methodology used to evaluate shelter quality. Therefore, further research is necessary to provide evidence of the

impact of shelter design on health through transdisciplinary approaches.
Keywords: Shelter, Health, Bibliometric Analysis, Air quality, Thermal comfort

Introduction
According to the latest UNHCR report (UNHCR 2019)
around 80 million people currently are forcibly displaced
as a consequence of conflict or persecution and another
175 million are displaced due to natural disasters. These
numbers are the highest since the start of the UNHCR
mandate (1951). More than 6.6 million of displaced per-
sons are encamped in areas subjected to extreme climate
and their living conditions are exacerbated by the lack of
adequate WaSH (Water and Sanitation Hygiene) facilities
and shelter quality (UNHCR 2021).

Prolonged exposure to extreme temperatures, poor
living conditions, low air quality, the lack of clean water

*Correspondence: ac2789@bath.ac.uk

Department of Architecture and Civil Engineering, University of Bath,
Claverton Down, Bat, UK

@ Springer Open

and the risks associated with overcrowding and mass
movement expose displaced populations to a higher
prevalence of certain diseases. The World Health Organi-
zation (WHO) has declared that the poor conditions
inside shelters and lack of adequate WaSH facilities are
significant contributors to the development and spread
of acute respiratory diseases, diarrheal diseases, malaria
and measles (World Health Organization 2018a). It has
been observed that the most frequent health problems
exhibited include: airborne diseases, hypothermia, gas-
trointestinal disorders, cardiovascular issues and inju-
ries (Dubray and Guha-Sapir 2018). Additionally, the last
UNHCR report (WHO 2019) stated that communicable
diseases represent 92.3% of all medical consultations and
that upper respiratory tract infection (URTI) is the lead-
ing cause of morbidity in refugee camps. This further
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indicates that low indoor air quality (IAQ) within shelters
is a significant cause of illness for displaced populations.

The humanitarian sector and host governments play a
crucial role in helping to reduce the spread of both physi-
cal and mental diseases by facilitating access to proper
health care and by providing shelters that have a minimal
impact on health. Due to the importance of the issue, it
has been a longstanding requirement of humanitar-
ian agencies to provide healthy and safe shelters for the
population.

The influence of housing on human health has long
been recognised (Bonnefoy et al. 2003; Shaw 2004;
Bonnefoy 2007), and there is a considerable body of
evidence to demonstrate the correlation between the
indoor environmental quality (IEQ) and the health of
households. However, the definition of healthy housing’
remained blurred until 2018 when the WHO released its
first set of guidelines linking housing and health (World
Health Organization 2018b). These guidelines followed
an increasing number of studies developed over the last
two decades which focused on ‘healthy housing. For
example, Shaw (2004) demonstrated that housing is a
determinant for health and poor housing quality has a
major impact on respiratory diseases, due to tempera-
ture, humidity and ventilation. Matte and Jacobs (Matte
and Jacobs 2000) suggested a range of factors that char-
acterise healthy housing such as low levels of indoor air
pollutants, protection against extreme temperatures, or
absence of moisture and fungi (mould) growth. The lit-
erature also consolidates the link between housing and
mental health (Owoaje et al. 2016; Cardozo and Mollica
2018; Ziersch and Due 2018; Wu et al. 2019). In these
studies, evidence was presented showing a relationship
between overcrowding and mental health (including
stress and sleep disorders) and between indoor temper-
atures and mental health disorders.

A growing body of research focuses on the intersec-
tions between housing and health, but there is still a
lack of research concerning the impact of shelter qual-
ity on displaced populations (Ziersch and Due 2018;
Shackelford et al. 2020; Behnke et al. 2020). Further-
more, there is a lack of evidence supporting the link
between shelter performances and the health of dis-
placed populations. This is due to the hugely challeng-
ing and unpredictable conditions that do not facilitate
accessibility to collect quality health data or the pos-
sibility to monitor the situation for a prolonged period
(World Health Organization 2018a).

In order to compare studies on shelter quality and
health, a preliminary understanding of the vocabulary
used to define shelter as a noun and not as a process is
needed. The humanitarian sector uses a great deal of ter-
minology in the description of ‘shelter’ and often, these
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terms can make it difficult to define what the noun ‘shel-
ter’ means (Alshawawreh et al. 2020). Generally, the lan-
guage used to define a shelter may be confusing as the
terms ‘shelter, ‘housing’ and ‘temporary housing’ are
often used interchangeably. Typically, the term ‘shelter’
as a noun describes a basic emergency and temporary
condition. While ’housing’ refers to a recovery process
on a longer-term. Therefore, the term ‘shelter’ is often
inappropriately used in association with recovery. Dif-
ferent terms are used to indicate similar types of accom-
modation and definitions and roles often overlap. What
remains common though is the right to a suitable struc-
ture for human habitation, which can ensure displaced
families can live with dignity and safety.

In the existing literature, the aforementioned terms
have been often used interchangeably to describe the
same type of accommodation, nevertheless, this review
will use only the term shelter, to avoid ambiguity. Fur-
thermore, for the purposes of this paper, the term shel-
ter design has been broadly defined, encompassing the
shelter characteristics having a direct impact on shelter’s
indoor environment, such as the physical structure of the
shelter, the layout, the materials used for the construc-
tion, the ventilation strategy, the heating strategy and
overcrowding, but not WaSH facilities. Studies focused
on the impact of lack of presence of WaSH facilities have
been excluded.

In order to conduct a comprehensive review of the lit-
erature covering shelters and health, a systematic biblio-
metric study of the literature, followed by a comparative
analysis was undertaken to identify:

1. What are the shelter design guidelines related to
health?

2. What are the health outcomes of poor shelter design?

3. What are the main factors affecting refugee’s health
concerning shelter design?

4. How have these factors been investigated in previous
studies?

Systematic and bibliometric review

A systematic review with the support of bibliometric net-
work analysis was initially conducted to describe how the
impact of shelter on displaced people’s health is assessed
and evaluated within the design process and the provi-
sion of shelters. The review specifically examines refu-
gee populations and internally displaced people (IDPs),
but not homeless populations or migrants. The selected
articles focus on the relationship between shelter qual-
ity and human health. Peer-reviewed studies were iden-
tified from three databases: Scopus, Web of Science and
PubMed. Additional grey literature have been idenfied
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from shelter-relevant portals: the United Nation High
Commissioner for Refugees (UNHCR), the International
Committee of the Red Cross (IFRC) and Shelter Cluster.

The research strategy was based on a preliminary
reading of the existing literature focusing on housing
and health in displacement. The UNHCR Handbook
of Emergencies (UNHCR 2007) and the Sphere Hand-
book (Sphere Association 2018), the two main manu-
als for displaced settings, have been used as source of
research terms. However, the definition of the initial list
of keywords presented some limitations since an agreed
terminology defining what shelter is, does not exist
(Alshawawreh et al. 2020).

Quarantelli (Quarantelli 1982), for instance, adopted
a shelter terminology based on four different hous-
ing phases in post-disaster reconstruction, resulting in
emergency shelter, temporary shelter, temporary hous-
ing and permanent housing. The UNHCR and IFRC,
the two primary shelter providers, also developed their

(2022) 7:18

Page 3 of 20

terminology to categorise shelters. UNHCR (UNHCR
2016) defined four shelter categories according to the
lifespan and the materials used: global shelter, emer-
gency shelter, transitional shelter and durable shel-
ter. According to the length of stay, permanency of the
location, expected lifespan and the material used, IFRC
(IFRC 2013) identified seven categories of shelter: emer-
gency shelters, temporary shelters, temporary hous-
ing, transitional shelters and core shelters. As can be
observed, shelter and house/housing are the most fre-
quent terms mentioned in the literature. Thus, they have
been selected as search terms. The terms ‘health; ‘refu-
gee’ and ‘IDP’ have been defined more broadly for the
purpose of the research.

The analysis included articles published and available
online up to the beginning of 2021.

The initial search, as shown in Fig. 1, returned 269
results that were considered for inclusion. All of the
selected papers were downloaded, and the abstracts were
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reviewed to meet inclusion criteria. Eligibility criteria
included papers written in English and studies focus-
ing on refugees, and/or internally displaced and dis-
placed populations. Studies focusing on migrants only
were excluded because the term ‘migrant’ often does not
give sufficient clarity on the background of participants
(Ziersch et al. 2017; Ziersch and Due 2018). Out of 269
papers, 33 publications that met the inclusion criteria
were identified.

Bibliometric analysis

Full texts were obtained, reviewed and subjected to
bibliometric analysis. Bibliometric analysis is a statis-
tical method which can analyse the critical areas of
research and predict the direction of future studies.
Vos Viewer (van Eck and Waltman 2010) allows the
creation of a network map based on text data, which
reveals useful information for understanding the key
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topics attracting complete attention. Thirty-three
selected papers have been included for the bibliomet-
ric analysis. Through a co-occurrence with a mini-
mum of three, the software extracts 76 keywords (or
items) from the full text of the selected papers. The
keyword ‘shelter, with a total link strength of 165,
appeared as the most frequent keyword which had a
strong link to ‘camp) ‘refugee’ and ‘housing’ A network
map was created to show the frequency of the terms
which occurred more than five times. Figure 2 shows
the network map, where each circle represents a key-
word and the size of the circle represent the number
of articles in which each keyword appears. In addition,
the distance between the two terms represents the co-
occurrence of the terms. A small distance between two
terms represents a large number of co-occurrences.

As indicated in Fig. 2, there are six main clusters
that represent different fields of research concerning
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Fig. 2 VOS viewer co-occurrence network visualisation mapping of the most frequent keywords (minimum of three occurrences) in shelter and
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Fig. 3 Percentage distribution of included papers over the world

health and shelter and their relations. The first clus-
ter (red) focused on shelter environment and ther-
mal comfort including terms such as ‘shelter; ‘thermal
comfort, ‘thermal performance’ or ‘environment. The
second cluster (green) is focused on refugees and infec-
tious diseases, with keywords terms ranked as ‘mea-
sles; ‘risk factor’ and ‘outbreak’ The third cluster (blue)
represents refugee camps and health. The main theme
of the fourth cluster may be summarised as environ-
mental health in displacement, while the fifth cluster
(violet) may be summarized as housing design and ref-
ugee camps. Finally, the sixth cluster (turquoise) does
not have a distinct focus, but the items with most co-
occurrence are ‘earthquake’ and ‘household’ The larg-
est cluster consisted of 26 items (red colour—shelter
and thermal comfort) and it focuses on indoor thermal
conditions in refugee shelters and shelter indoor envi-
ronment. It is interesting to observe the high strength
between ‘health’ and ‘air quality, meaning that these
topics are highly correlated, as well for items such as
‘ventilation’ and ‘indoor thermal environment. It is
observed that there are some items, such as 'vulner-
ability’ and ‘recovery’ with low strength and lacking
connection with the core of the cluster which is repre-
sented by shelter, refugee and camp.

Systematic analysis
The 33 selected papers have been published in the
period 2000 to 2020, with an increase in papers

published since 2016. Three papers are chapters in
book, two are manuals and other two are reports. The
remaining 26 are research papers. The description of
the 33 research papers shows that Middle East attracts
more attention, with 16 papers addressing this area.
14% of the studies focus on Africa, while only 1% focus
on the South America Fig. 3. Most research have been
conducted by academia in collaboration with NGOs
and most of the research has been published mainly
in 2018 as can be observed in Fig. 4. Not surprisingly
Fig. 4 shows that recent developments in the field of
shelter and health revolves around COVID-19 and air-
borne disease. Only five studies were designed with
the purpose to explore the link between housing and
health; Al-Betawi (Al-Betawi et al. 2020), Al-Khatib
(Al-Khatib et al. 2003, 2005; Al-Khatib and Tabakhna
2006), Brevik (Brevik et al. 2019) and Klansek (Klansek
et al. 2021). Most of the studies used interviews or
semi-structured interviews or group interviews and
field observations. The chapters in books (Cardozo
and Mollica 2018; Marano and Ahmed 2018; Setch-
ell et al. 2018) did not focus on shelter conditions in
detail. However, all of them considered shelter as a risk
factor of health and described the possible correla-
tion between low shelter quality and health diseases.
Table 1 summarizes the research papers included in
the systematic analysis and describes which correla-
tions between shelter issues and health have been
found in the studies.
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Fig. 4 VOS viewer co-occurrence network visualisation mapping of the most frequent keywords in shelter and health over the years

Comparative analysis

Poor shelter conditions are associated with a wide
range of communicable, non-communicable and men-
tal health diseases (Ziersch and Due 2018), as reported
by the last WHO report (WHO 2018). Communicable
diseases are the primary cause of death in a displaced
population in low-income countries (Hammer et al.
2018). Often, these deaths occur in the emergency
phase of a disaster (Culver et al. 2017) and children
under five have the worst mortality rate (Dubray and
Guha-Sapir 2018). Common communicable diseases
in an emergency include diarrheal disease and cholera,
infection, meningitis, measles, malaria and respiratory
diseases. Not only overcrowded shelters are consid-
ered one of the most influential factors in the spread
of communicable diseases (Turner et al. 2009; Alnsour
and Meaton 2014), but also the presence of mould and
damp due to poor air quality can contribute to the inci-
dence of communicable diseases among refugee popu-
lations. Physical diseases associated with mental health

are also increasing and the impact of mental illness is
considered more significant amongst displaced popu-
lations (Cardozo and Mollica 2018) than in the rest of
society. According to Feyera (Feyera et al. 2015), lack
of adequate shelter is significantly associated with
depression. Similar outcomes were also found by Carta
(2013) in a cross-sectional survey in Burkina Faso and
by Akinyemi (Akinyemi et al. 2012, 2016) in a Nigerian
refugee camp.

Living conditions, including indoor air pollution and
housing quality, are associated with global deaths, as
shown in Fig. 5. Housing affects health through a series of
risk factors including indoor air pollution, overcrowding,
thermal extremes and damp and mould. In low-income
countries and in post-disaster and post-conflict scenar-
ios, the impact of these risk factors is higher than for the
global population.

This section, summarised in Table 2, describes the
studies included in the comparative analysis, focusing on
the most frequent shelter issuer related to human health.
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Table 1 Overview of the health diseases related to shelter issues in included journal papers (Literature reviews are not included)

Author Year Country Type of disaster Type of shelter Shelter issues Health related issue
Al-Betawi et al. 2020 2020 Jordan Conflict Temporary house  Overcrowded shelter General poor health
Al-Khatib et al. 2003 2003 Palestine Conflict Temporary house  Overcrowded shelter Common cold (mostly in
Dampness children)
Not adequate ventilation
Not adequate sunlight
Inadequate indoor
temperature
Al-Khatib and Tabakhna 2006 Palestine Conflict Temporary house  Overcrowded shelter Common cold (mostly in
2006 Dampness children)
Not adequate ventilation
Not adequate sunlight
Inadequate indoor.
temperature
Albadra et al. 2017 2017 Jordan Conflict Temporary shelter  Inadequate indoor Thermal stress risk
temperature
Albadra et al. 2018 2018 Jordan Conflict Temporary shelter  Inadequate indoor Thermal stress risk
temperature
Albadra et al. 2020 2020 Bangladesh  Conflict and natural Temporary shelter  Inadequate indoor air n.a
Djibouti disaster
Ethiopia
Jordan
Peru
Turkey
Araya et al 2011 2010 Ethiopia Conflict Temporary shelter  Inadequate shelter Mental distress
environment Reduced quality of life
Banik et al. 2020 2020 Bangladesh  Conflict Temporary shelter  Overcrowded shelter Vulnerability to corona-
virus
Brevik et al. 2019 2019 na n.a n.a Inadequate shelter Vulnerability to extreme
environment weather, animals, stress
and health diseases
Chanetal. 2018 2018 Bangladesh  Conflict Temporary shelter  Inadequate shelter Increased exposure to
materials vector-borne disease
Connolly et al. 2004 2004 na n.a Temporary shelter  Inadequate shelter Acuter respiratory infec-
environment tions
Overcrowded shelter Malaria
Cornaro et al. 2015 2015 na n.a Emergency shelter Inadequate indoor n.a
temperature
Crawford et al. 2005 2005 na n.a Emergency shelter Inadequate indoor n.a
temperature
Dominguez-Amarillo 2021 Afghanistan  Conflict Temporary shelter  Inadequate indoor Thermal stress risk
etal. 2021 Jordan temperature
South Sudan
Ekezie et al. 2019 2018 Nigeria Conflict Temporary shelter  Inadequate shelter Health risk
environment
Overcrowded shelter
Fosas et al. 2017 2017 Jordan Conflict Temporary shelter  Inadequate indoor Thermal stress risk
temperature
Fosas et al. 2018 2018 Jordan Conflict Temporary shelter  Inadequate indoor Thermal stress risk
temperature
Hamdan et al. 2021 2021 Jordan Conflict Tent Inadequate indoor Thermal stress risk
temperature
Hammer et al. 2018 2018 na n.a n.a Inadequate shelter Health risk
environment
Overcrowded shelter
He etal. 2018 2018 Nepal Natural disaster Temporary shelter  Inadequate shelter Health risk
materials
IRC 2020 2020 na n.a n.a Inadequate shelter Exposure to disease

environment
Overcrowded shelter

transmission




Conzatti et al. Journal of International Humanitarian Action (2022) 7:18 Page 8 of 20

Table 1 (continued)

Author Year Country Type of disaster Type of shelter Shelter issues Health related issue

Klansek et al. 2020 2020 Bangladesh  Conflict Temporary shelter  Inadequate shelter Health risk
materials
Inadequate indoor air
Inadequate indoor
temperature
Overcrowded shelter

Kouadio et al. 2010 2010 na n.a n.a Overcrowded shelter Measles transmission

Manfield et al. 2004 2004 na n.a n.a Inadequate indoor Health risk
temperature

Fosas et al. 2020 2021 Jordan Conflict Temporary shelter  Inadequate indoor Thermal stress risk
temperature

Obyn etal. 2015 2015 na n.a Emergency shelter Inadequate indoor Thermal stress risk
temperature

Saleh et al. 2012 2012 Palestine Conflict Temporary shelter  Inadequate indoor Thermal stress risk
temperature

Shackelford et al. 2020 2020 na n.a Emergency shelter Inadequate shelter Health risk
environment

Susanti, 2015 2015 Indonesia Natural disaster Emergency shelter Inadequate indoor Thermal stress risk
temperature

Thapa et al. 2018 2018 Nepal Natural disaster Temporary shelter  Inadequate indoor Thermal stress risk
temperature

Tuladhar et al. 2019 2020 na n.a Temporary shelter  Inadequate indoor Thermal stress risk
temperature

Turner et al. 2009 2009  Srilanka Natural disaster Temporary shelter  Inadequate shelter Risk factor for cough,
environment stomach ache, headache
Overcrowded shelter

Zabaneh, 2008 2008 Lebanon Conflict Temporary house
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Overcrowding

Overcrowding measures the relationship between
the number of persons and the shelter space capac-
ity. It is defined as an environmental determinant of
health and well-being and it is often associated with
poor health outcomes. Shaw was the first to observe
a link between overcrowding and various health out-
comes (Shaw 2004) and all the shelter guidelines since
have adopted minimum standards for shelter space
per person (Sphere Project 2018). Taioli (Taioli et al.
2018) reported that chaotic and poorly organised shel-
ter were perceived as more traumatic by households.
Participants identified in overcrowded and uncomfort-
able shelter a determinant of both physical and men-
tal health. Al-Betawi (Al-Betawi et al. 2020) observed
that refugees living in overcrowded shelters are more
at risk of general poor health than displaced families
living in houses in an urban context. Zabaneh (2008),
by studying the living conditions of Palestinian refu-
gees in an unofficial camp in Lebanon, found that
households who lived in a prolonged overcrowded
environment were more susceptible to develop chronic
diseases. Al-Khatib (Al-Khatib and Tabakhna 2006)
identified overcrowding as one of the causes of respira-
tory conditions among inhabitants of Jalazone Refugee
Camp and reported a statistically significant relation-
ship between overcrowding and upper respiratory
tract infections and ear infections. Overcrowded shel-
ters also increased the frequency of diarrheal diseases
such as cholera and gastrointestinal diseases (Tabbaa
and Seimenis 2013) and the risk for displaced people
to contract malaria (Tusting et al. 2020; Jatta et al.
2018; Williams et al. 2018; Furnival-Adams et al. 2019).
In addition, the high density of households inside shel-
ters is directly associated with measles outbreaks and
risk of cough in the displaced population (Connolly
et al., 2004; Kouadio et al. 2010), as found in Tanza-
nian refugee camps by Turner (Turner et al. 2009).
The combination of poor hygiene and overcrowding
contributes to the spread of skin infection such as sca-
bies and pediculosis (Fazel et al. 2014). More recently,
Al-Betawi (Al-Betawi et al. 2020) found a correlation
between the high number of people per room and
general poor health in displaced persons in Jordan.
In addition, recent studies on COVID-19 (Banik et al.
2020), included overcrowded shelters among the risk
factors for the spread of the virus among Rohingya ref-
ugees in Bangladesh.

Air quality

Displaced persons are often encamped in single or two
room shelters, where all the occupant’s activities such
as sleeping, cooking or socialising take place. Usually,
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these shelters are not provided with a proper system
of ventilation or flues for smoke (Buu et al. 2014). This
results in inadequate levels of IAQ due to the high
presence of volatile organic compounds (VOCs), par-
ticulate matter (PM), and carbon dioxide (CO,). High
levels of PM have been associated with respiratory and
cardiovascular diseases, while microbial agents encour-
age the development of asthma and allergies. Low air
quality, associated with insufficient ventilation encour-
ages mould growth and the lack of adequate ventila-
tion encourages the spread of respiratory infections
such as colds and coughs, especially among children,
as reported by Al-Khatib (Al-Khatib and Tabakhna
2006). According to Marano and Ahmed (Marano and
Ahmed 2018), insufficient ventilation in shelters com-
bined with indoor air pollution increases the incidence
and transmission of acute respiratory infections such as
tuberculosis. This is particularly evident in warm cli-
mates, when windows may be closed to maintain ther-
mal comfort and security (Nardell 2016) or to preserve
privacy (Obyn et al. 2015; Albadra et al. 2017; Asgary
and Azimi 2019) especially for women (Al-Khatib et al.
2005). Inadequate airflow is also indirectly related to
the spread of malaria (Kouadio et al. 2010). For exam-
ple, Von Seidlein (2012) reported an attenuation of the
airflow due to the use of ITN (Insecticide-treated nets)
and a consequent increase in the level of thermal dis-
comfort, particularly during the hottest months of the
year. The authors also observed that this time coincides
with the peak of malaria infections and households pre-
ferring not to use bed nets are exposing themselves to
a significant risk of contracting malaria. As mentioned
before, insufficient airflow is also associated with damp
and mould that are in turn linked to several health
diseases, including respiratory infections and asthma
(Checchi et al. 2007; WHO 2014).

Poor levels of IAQ are also strongly connected with
presence of damp and mould, which act to pollute indoor
air with VOCs. The presence of mould and damp varies
among climatic zones and it is more severe in developing
countries. Persistency of dampness and mould promote
microbial growth and survival of viruses which can trans-
mit infections and allergens. In a study among refugees in
Alma'ri refugee camp in Palestine (Al-Khatib et al. 2003),
72% of the homes were found to have damp or mould and
according to the participants this was the cause of most
of their infections. Similar outcomes were found by the
same author in Jalazone refugee camp (Al-Khatib and
Tabakhna 2006). Refugees self-reported a correlation
between living in houses with common mould and symp-
toms of common cough and asthma. In Zabaneh (2008),
Palestinian refugees reported the presence of mould and
damp especially in unheated houses and in houses with
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no external ventilation. Such conditions were correlated
with poor health, particularly, with respiratory diseases.

Indoor temperatures

The majority of displaced populations are encamped
in areas with extreme climates. In countries like Syria,
Jordan and Lebanon, the outdoor temperatures during
winter can drop below zero. As such, the lightweight
materials used in shelter construction, often do not pro-
vide an adequate thermal environment and indoor tem-
peratures may be extremely low (UNHCR 2022). Cold
indoor temperatures may result in airborne infection,
respiratory diseases and stress to the cardiocirculatory
system. In the last 5 years, several studies have provided
growing evidence for the impact of indoor cold tempera-
tures (World Health Organization 2018b) and how insu-
lation can improve health outcomes.

While growing evidence exists in support of the
impact of cold indoor temperature, less evidence exists
showing the link between high indoor temperatures
and health. However, the attention on the effects of
high temperatures on health is increasing, particularly
because of climate change. High outdoor tempera-
tures result in high indoor temperatures, especially
in displacement conditions, where people do not have
access to air conditioning, insulation, specific build-
ing materials or they cannot exploit natural ventilation
due to cultural aspects, security or privacy. High indoor
temperatures are associated with thermal discomfort,
and recently the interest in its effects on health has
increased due to climate change and the frequency of
heatwaves. Prolonged exposure to extreme warm results
in increased morbidity and mortality especially among
vulnerable populations (Lee et al. 2016).

The Healthy Housing for the Displaced project
(Albadra et al. 2018) carried out research on shelter
indoor environment in different locations. Empirical
studies in Jordan (Albadra et al. 2017), Ethiopia (Pasz-
kiewicz and Fosas 2019) and Bangladesh, demonstrate
that measured air temperatures inside shelters is often
greater than 40 °C. This represents a potential indoor
heath stress as estimated by Steadman’s Apparent Tem-
perature (Steadman 1979, 1984) for indoor environ-
ments. In Arzaq refugee camp Fosas (Fosas et al. 2017)
demonstrated that refugees are subject to overheating
for the 20% of the year. However, the study also observed
that through a series of retrofit adaptations it is possible
to reduce the effects of excess heat on health.

Over the last 5 years, a growing number of authors have
recognised the importance of the thermal performance
of shelters in both cold and hot climates. Attia (Attia
2014) assessed the thermal performance of Bedouin tents
in a warm climate intending to improve thermal comfort
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without compromising the design. The study highlighted
the importance to conduct structured interviews among
the population to understand the use of the indoor space.
The author, however, did not investigate the link between
health and thermal comfort. Thapa (Thapa et al. 2018,
2019) conducted a field survey in the aftermath of the
Nepalese earthquake of 2015 to monitor the seasonal
changes of indoor environment and to find an accept-
able temperature range in self-built shelters. The authors
found that the comfort temperatures vary following
the globe temperature’s variations and that are strongly
related to the indoor temperature. Benefits of improved
natural ventilation have been described in a recent study
by Hamdan (Hamdan et al. 2021). The author simulated
the thermal behaviour of the UNHCR emergency tent,
combining different passive strategies. However, the
paper did not mention possible implications with human
health correlated to thermal comfort or ventilation.

Investigation of shelter design factors

The analysed studies mentioned three main shelter envi-
ronment factors having an impact on the health of the
displaced, such as overcrowding, indoor temperatures
and ventilation.

Overcrowding resulted to be an environmental fac-
tor associate with shelter design and stogly linked to the
health of shelter occupants. However, it has to be clari-
fied that not always overcrowding is a result of inappro-
priate shelter design.

The impact of overcrowding in shelters is mentioned
in several studies, nevertheless, it has never been meas-
ured or objectively assessed. None of the included stud-
ies mentioned the Sphere minimum standard of 3.5 m?
per person when they analyse the impact of overcrowded
shelters on occupants health; therefore, an objective
assessment for overcrowding does not exist.

Instead, three distinct methodologies exist for assessing
the impact of IAQ and indoor temperatures on refugee
and IDPs’ health: objective approach (on-field measure-
ments), subjective approach (surveys) and dynamic ther-
mal model simulations. The objective approach is based
on field measurements campaigns, while the subjective
approach is conducted by giving refugees and IDPs a
survey about their personal perceived level of comfort.
Dynamic thermal modelling simulation can be used to
predict the risk of overheating in shelters, by calculating
the heat balance of the shelter consecutively for each time
step and the concentration of pollutants of the indoor air.

Field measurements and observation are largely used
due to the peculiar factors affecting thermal comfort
and TAQ such as climate, remoteness of the site, culture,
political and security requirements, design and physi-
cal and emotional status. However, conducting on-site
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research in post-disaster and post-conflict scenarios may
be challenging due to the unpredictability of the scenario
and remoteness of the site. In addition, the accuracy of
the measurements is subject to the quality of the instru-
ments and the accuracy of the used sensors.

Investigation of IAQ

IAQ assessment is determined by a wide range of factors
such as levels of VCOs, PM or CO,. But the identification
of the hazard needs to include a variety of cultural habits
and way of living that vary across the world. Presence of
chemicals that affect health is obtained from toxicologi-
cal databases. However, effects of exposure are not avail-
able for some of these chemicals. In developed countries,
there are several environmental assessment schemes and
building regulations which provide guidelines for IAQ
such as UK Air Quality Strategy. However, for developing
countries the guidance on recommended levels of IAQ is
limited. WHO provides some guidelines on the harmful
level of PM, and pollutants levels. Others environmental
assessment schemes, such as BREEAM (2021) and LEED
(2008) offer guidance on air quality, but there is not any
standard referring to shelter. Existing studies, using inter-
views with households, found a correlation with the pres-
ence of health diseases (Moffa et al. 2019; Behnke et al.
2020) such as airborne infections (Marano and Ahmed
2018). Recently, Albadra (Albadra et al. 2020) conducted
a cross country study on the measure and analysis of air
quality in temporary shelters. The authors monitored
shelter using spot measurements. Despite the challenges
of fieldwork that did not allow a 24 h monitoring, they
demonstrated that high levels of CO,, PM and VOCs
determine low air quality.

Investigation of indoor temperatures

Dynamic thermal simulation can be used to perform
the thermal behaviour analysis considering construction
materials, internal gains, occupancy parameters and nat-
ural ventilation. The thermal model analyses the annual
internal shelter temperatures based on the climatic con-
ditions of temperature and humidity. This methodol-
ogy allows the study of most of the parameters related
to the shelter environment. It is time effective and low
cost (Fosas et al. 2020) and allows to capture the indoor
behaviour of the shelter.

Most of the reviewed studies (Manfield et al. 2004
Crawford et al. 2005; Obyn et al. 2015) concerning shel-
ter thermal comfort relied on building simulation to
evaluate shelter thermal performances. Ajam (1998) con-
ducted one of the first studies using shelter modelling to
improve thermal comfort in Jordanian refugee shelters.
The author observed that roof insulation and night ven-
tilation played a key role in improving thermal comfort.
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Manfield (Manfield et al. 2004) used shelter simulation
to compare alternative roofing material for mitigating
the effects of cold climate. Results showed that the pro-
totyped shelters, with new roofing solutions, performed
better than the UNHCR winterized tent. Other authors
applied building simulation to study thermal perfor-
mances of emergency tents in cold climates. Crawford
(Crawford et al. 2005) simulated two different shelters in
selected locations in the world, Islamabad, London and
Pristina. Authors observed that unheated tents had the
greatest problems with humidity and underventilation.
Cornaro (Cornaro et al. 2015) modelled a tent using
dynamic simulation in two different climatic conditions.
The winter case was simulated using climatic data from
Torino and the summer case using climatic data from
Palermo. The authors simulated two improved solu-
tions for the winter case and four for the summer case.
They observed that the best conditions were offered by
the improved solution with both insulation and shading.
Similarly, Obyn (Obyn et al. 2015) used dynamic simula-
tion to model a standard IFRC tent and then the authors
calibrated the model using field data collected in Bel-
gium, Burkina Faso and Luxembourg. The authors found
that some phenomena such as overcooling during night
and ground temperature were difficult to model. Also,
they underlined the wide impact of the ground tempera-
ture on results. Recently Tuladhar (Tuladhar et al. 2019)
used thermal simulation to investigate thermal-safety in
fourteen most common temporary shelters in their orig-
inally intended location. The authors created the model
of each shelter following the IFRC catalogue. The results
showed that indoor temperature in shelter exceeded the
adaptive thermal comfort threshold ASHRAE-55 (2017).
The authors observed also that simulation can be more
effective when using shelters due to their simplicity.
The author also demonstrated that dynamic simulation
applied to shelters is ideal for testing alternative materi-
als and design strategies.

Saleh (Saleh and Gadi 2012) employed both question-
naires and dynamic simulation to investigate shelters in
refugee camps in Palestine. The authors considered the
predicted mean vote (PMV) estimated by computer sim-
ulation and the thermal sensation vote (TSV) gathered
by questionnaires to study thermal environment in shel-
ters in Jabalia refugee camp in Palestine. In addition, they
answered questions on air humidity, air circulation and
indoor solar radiation. Both methods found extremely
uncomfortable thermal conditions in summer and in
winter. It was also observed a statistically significant
difference between TSV and PMV. However, the mean
of PMV-TSV discrepancies was acceptable. Therefore,
dynamic simulation was considered a reliable method to
predict thermal comfort.
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Thapa deeply investigated the thermal conditions of
temporary shelters in Nepal. In a preliminary study
(Thapa et al. 2016) conducted in the aftermath of the
2015 earthquake in Nepal, the author evaluated the
thermal environment in temporary shelter and the ther-
mal comfort of habitants. The study included indoor
thermal measurements and questionnaires based on
thermal comfort surveys. Results found low levels of
thermal comfort especially in autumn and described
different adaptation used by occupants to maintain
thermal comfort. From the same author, a series of
surveys was conducted in Nepal to assess the accept-
able indoor temperature in temporary shelters (Thapa
et al. 2018) to estimate the mean radiant temperature,
the comfort temperature and the thermal acceptabil-
ity. They found a positive correlation between indoor
air temperature and outdoor temperature. They also
observed that displaced people tried to maintain ther-
mal comfort by using personal techniques and retro-
fits. Susanti (Susanti 2015) evaluated thermal comfort
of emergency tents in Indonesia. The authors predicted
PMV and PPD (predicted percentage of dissatisfied)
measuring environmental parameters and information
from questionnaire and observations. Results showed
that household were satisfied of their thermal envi-
ronment although air temperature and air velocity did
not respect the limits of the two selected standards
ASHRAE-55 and ISO 7730.

Albadra (Albadra et al. 2017) for the first time studied
thermal conditions in Azraq and Zaatari refugee camp in
Jordan through the use of thermal comfort surveys and
physical measurements. The authors combined social
and thermal comfort surveys and physical measurements
to assess the environmental conditions in shelters and to
discover common thermal adaptation methods. Authors
observed that the comfort band ranged from 28.4 °C to
17.2 °C. This suggested that displaced persons have sig-
nificant adaptation capacity. They also found that PMV
model is not a reliable model for use in extreme environ-
ments. Fosas (Fosas et al. 2017) used surveys, monitor-
ing of indoor shelter conditions and building and human
thermal simulation to evaluate the annual overheating
risk of refugees. Results showed that increasing inter-
nal mass is positive associated with a reduction of heat
stress. Recently, in a study conducted in Bangladesh by
Klansek (2020) on-site measurements, focus group dis-
cussions, semi structured interviews and large-scale
assessment were conducted to analysed not only ther-
mal conditions inside shelters, but also to obtain a more
holistic description of shelter issues. Results reported
insufficient ventilation, poor air quality and low thermal
comfort, demonstrating the benefits of using a mixed-
method approach to assess thermal comfort.
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Discussion

The assessment of the impact of shelter on health involves
the analysis of several parameters and different method-
ologies including interviews, building modelling, field
measures and health data analysis and different stake-
holders such as humanitarian actors, researchers and dis-
placed population. Generally speaking, studies on shelter
and health are hard to compare since they are highly site-
specific, due to the peculiarities of each post-disaster and
post-conflict scenario the heterogeneity of the displaced
population and the characteristic of each shelter.

Results of bibliometric and systematic analysis
The systematic bibliometric analysis of the literature
was not particularly fruitful. Out of 35 papers meet-
ing the inclusion criteria, only 4 papers were specifi-
cally designed to directly assess the impact of shelters on
occupants’ health (Al-Khatib et al. 2003, 2005; Al-Khatib
and Tabakhna 2006; Zabaneh et al. 2008). The literature
linking shelter and health is very scant and the available
studies only gave some recommendations about healthy
shelter design, without conducting data analysis to prove
the link. The bibliometric analysis demonstrated that the
relationship between shelter and health included two
main fields of research: shelter design, and the health of
displaced populations. The several overlaps showed that
there is not yet a clear path of research analysing specifi-
cal aspects of the impact of shelter on occupants’ health.
The theme of healthy shelter in displacement is still
overlooked and defined methodologies have never been
applied to assess the impact of shelter on human health.
None of the reviewed studies investigating thermal com-
fort or IAQ in shelters had also measured the health impli-
cations. Recently, several authors investigated the thermal
comfort in shelter, founding that indoor temperatures reach
high levels, especially in summer, jeopardising the life of
occupants. This observation descends from a comparison
with standards such as ASHRAE-55 or ISO 7730 that usu-
ally do not refer to shelters. IAQ was rarely analysed. As a
unique example, Albadra (Albadra et al. 2020) conducted a
cross-country study measuring IAQ in refugee camps and
temporary shelters. This is surprising because IAQ is con-
sidered among the main determinants of human health and
is one of the risk factors for deaths worldwide. In addition,
levels of IAQ in shelter should be of particular attention.
Often, in fact, cooking occurs inside shelters using fossil
fuels and health issues related to these habits were reported.
Even rarely IAQ and thermal comfort were analysed or sim-
ulated together even though they are interdependent.

Results of comparative analysis
The comparative analysis presented here has proven useful
in answering the research questions. Analysed papers do not
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mention any of the existing guidelines for shelter design pre-
sent in the manuals used for the preliminary reading such as
the Sphere Project. From the analysis of the included papers,
the main factors of shelter design affecting human health
are overcrowding, uncomfortable indoor temperature and
poor indoor air quality as explained in Table 3. Clear guide-
lines exist for overcrowding and they refer to the minimum
square metreage per person for designing the shelter area.
For thermal comfort and indoor air quality, there are sug-
gested design strategies to enhance the indoor environment
of a shelter, but the guidelines do not provide a threshold
or a standard in terms of healthy temperatures, airflow or
indoor concentration of pollutants. Without a clear stand-
ard, it is challenging to find the right strategy for improving
thermal comfort and indoor air quality for shelters.

It is important to highlight also, that overcrowding,
uncomfortable indoor temperatures and poor indoor air
quality are only mentioned as possible factors having an
impact on health. None of the studies included in this
review has proven or measured the impact of these design
factors on the health of the displaced living in shelters.
For example, studies measuring the indoor concentration
of pollutants hypothesised that indoor air quality may
increase morbidity and mortality due to respiratory dis-
ease. Also, they only hypothesised that shelter ventilation
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may be directly related to poor indoor air quality. How-
ever, no measure of shelter airflow has been provided as
evidence of the link with high indoor concentration of pol-
lutants and consequently the related health issues.

The comparative analysis shows that among the envi-
ronmental factors of shelters, only indoor temperature
and indoor concentration of pollutant have been meas-
ured and only indoor temperatures have been assessed
for thermal comfort.

Additionally, from the records obtained for indoor
temperatures and indoor air quality, it is still unclear
how shelters determine the development of certain dis-
eases. For instance, there is evidence that poor air qual-
ity increases the incidence of respiratory disease and that
overcrowding is linked to respiratory infections and diar-
rheal disease. However, none of the studies provides a
measure of this relationship.

Thermal comfort assessment

Often, displacement camps are situated in remote areas with
extreme climatic conditions. However, due to the unpredict-
ability of the emergency scenario and to economic and polit-
ical considerations, currently available shelters have been
designed to be lightweight, low cost, and dismountable, with
less attention paid to their thermal performance. Existing

Table 3 Shelter related issues and their impact on the health of occupants

Shelter indoor environment issue Potential shelter design issue

Potential health issue

Dampness and mould?
Lack of adequate ventilation
Low indoor temperatures

Shelter material
Shelter construction
Use of open stove

High indoor temperatures

Lack of adequate ventilation

Shelter material
Shelter construction

Low indoor temperatures

Overcrowding Inadequate shelter dimension

Inadequate relationship between number of occu-

pants and floor area

Poor indoor air quality

Lack of adequate materials (especially insulation)

Small window dimension, wrong ventilation strategy

Small window dimension, wrong ventilation strategy.
Presence of open stove in the shelter

Asthma

Common cold and cough

Colds

Eye irritation

Possible respiratory infection

Health issues are not well defined as the exposure

to high indoor temperatures has never been investi-
gated. Even if there is no direct evidence on the health
outcomes associated with high indoor temperatures,
these are linked to increase of mortality and issue to the
cardiovascular and immune system

Eye irritation

Airborne infections

Asthma

Increased respiratory morbidity

High blood pressure

Infectious diseases:
Respiratory infection
Tuberculosis
Diarrheal diseases
Poor mental health
Sleep deprivation

Allergies

Eye and skin irritation
Airborne diseases
Cardiovascular diseases

2 Dampness and mould have been inserted as an independent factor in this table. However, their presence may be strongly related to the indoor temperatures and

the indoor air quality and ventilation
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shelters fail to provide an acceptable indoor environment
and protection against harsh temperatures. It is therefore
surprising that there are only a few studies underlining the
impact of indoor high temperatures on refugees’ health.
Although the importance of thermal performance in shel-
ter design it is widely known (Zetter 2012; Fosas et al. 2017),
existing literature offers very few examples of the impact of
exposure to indoor heat on displaced health. Albadra and
Fosas (Albadra et al. 2017; Fosas et al. 2019) have deeply
investigated the effects of high indoor temperatures inside
shelters, underlining the unhealthy indoor temperatures
and Albadra established an acceptable temperature for
summer comfort. Assessing the impact of thermal com-
fort on human health remains challenging, due to the lack
of guidelines linking shelter design and thermal comfort
and the impossibility to apply western thermal standards
and regulations in areas with extreme climates. Addition-
ally, investigating thermal comfort is difficult as it involves
several environmental parameters, human sensations and
perceptions. The evaluation of thermal comfort has been
conducted through three different approaches. However,
each of them presents some drawbacks. Field measure-
ments depend on the accuracy of the sensor and often, in
refugee camps it is only possible to obtain spot measure-
ments. Surveys and self-assessments may be misleading and
the collaborations with refugees and IDPs need to be care-
fully evaluated due to ethical issues. Physics-based build-
ing simulation relies on the quality of the input data, which
makes predicting thermal comfort in shelters challenging.
Shelters are often self-built and built to unknown qualities
and some parameters such as the U-values of walls, inter-
nal gains and ventilation strategies are difficult to obtain.
Additionally, mass-produced shelters present some uncer-
tainties because the occupants perform retrofits adding new
unknown materials and techniques. Thermal modelling
simulation is often based on default assumptions and bor-
rowed templates and methodologies. This results in models
that do not necessarily represent the cultural context and
local practices or households’ adaptations. This suggests the
interdisciplinary use of these three methods as a potentially
reliable alternative to evaluate the impact of thermal com-
fort on health. However, as observed from the comparative
analysis, dynamic simulation remains a more effective tool if
applied for shelters because of their simpler nature in terms
of design and lack of mechanical systems. In addition, test-
ing new materials and design alternatives to improve ther-
mal comfort may be simpler with thermal simulation. With
the use of simulation, it is possible to simulate the model in
any location in the world, obtaining a more comprehensive
analysis only calibrating the model with the initial monitor-
ing. Moreover, simulation can help to match shelter types to
appropriate climates and effective use and it may be a strate-
gic tool for aid decisions.
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Evidence supporting future studies

There are several limitations in the assessment of shelter
impact on health. Collected data on indoor environment
of shelters and self-perceived health of shelter occupants
often failed to convey the impact of shelter on health (Nix
et al. 2020) due to lack of a transdisciplinary approach.
Accurate, representative, relevant, generalisable, attrib-
uted, methodological clarity are the six factors identified
by ALNAP (Christoplos et al. 2017) that constitute rea-
sonable evidence. However, obtaining good evidence in
the humanitarian context is challenging, due to the insta-
bility of the context and the difficulties to obtain medical
data mainly due to ethical issues. Good evidence is also
supported by an appropriate methodology.

Most of the studies are based on interviews and self-
reported morbidity linked to shelter problems and self-
reported shelter issues. Self-reports have been used in
several studies (Al-Khatib et al. 2005; Al-Khatib and
Tabakhna 2006), but they do not include accurate indica-
tors to measure health impacts of shelter project and proper
shelter measures. This can lead to a misunderstanding of
the health outcomes. For example, Tustingi (2020), using
national survey data on shelter and child health, found a
positive association between shelter improvements and
reduction in diarrhoea, anaemia, and malaria. However,
when the author asked for the impact of improved shelter
on acute respiratory infections (ARI), a statistically signifi-
cant association could not be found. This may be due to the
fact that the study did not analyse any measure of ‘shelter
improvements’ such as windows or ventilation, which were
only measured by self-report householders. An example
of good practice research assessing the impact of shelter
interventions on health was proposed by Nix et al. (2020).
The author, in a study on the impact of shelter on health in
an informal settlement in Delhi, utilised a mixed-method
approach which drew on different disciplines from the built
environment, health, social science and included households
and communities, followed by a risk assessment framework
identification. This methodology seems significant for cap-
turing evidence on shelter conditions through an evaluation
of shelter-related risk from a building perspective.

Nonetheless, the residents’ perspective results are funda-
mental to understand the local perspective and the needs
in particular concerning thermal comfort and privacy.
Data gathering through interviews, focus group discussion
and field observation are fundamental to assess the habits
of people and to understand how to achieve a healthier
indoor environment in displacement. Further evidence is
vital to understand broader impacts and to assess current
shelter conditions across developing countries and a trans-
disciplinary approach is necessary to provide a holistic
understanding of the impact of shelters on health and to
develop an effective methodology of assessment.
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Limitations in the assessment of the impact of shelters
on health
Several methods can be used to measure health status such
as clinical assessments, large scale demographic health sur-
veys (DHS) and diagnostic investigations (Prinja et al. 2012).
Self-reports are one of the most widely used methods in
research, nevertheless, they are a cause of bias especially in
developing countries. Some doubts arise in particular for
cross-population comparison, because respondents can
be influenced by social experience, education and culture
which are specifical for each country or region. As a conse-
quence, the validity and objectivity of self-reported health
status may be misleading and has been criticised from an
anthropological perspective (Amartya Sen 2002).
Overcoming the problem of positional objectivity may
involve the use of decomposition analysis; a regression-based
method which helps to determinate inequalities in the given
answers and decompose these inequalities into determi-
nants. A calibration of respondents’ self-report can also be
done through hypothetical scenarios, known as vignettes.
Vignettes make possible to compare self-reports from people
with different economic, social and cultural characteristics.
For health assessment, the use of self-report should be
combined with the observations of doctors, but gathering
medical data from displaced populations is a significant
challenge due to the unpredictability of the scenario and
difficulties in diagnosing in displaced populations (World
Health Organization 2018c). Al-Khatib (Al-Khatib et al.
2003, 2005; Al-Khatib and Tabakhna 2006) used self-
reports to assess both health status and shelter quality.
Participants, for example, have observed and assessed
the presence of mould or visible fungal growth. More
commonly, self-reports are used to understand occu-
pants’ perception of thermal comfort (Albadra et al. 2017;
Thapa et al. 2018, 2019) with questions concerning ther-
mal sensation and thermal preference. However, as in the
case of self-reported health, self-reports on shelter qual-
ity may be influenced by cultural factors or inadequate
building knowledge. To overcome the problems associ-
ated with the bias of self-reporting, field observations and
shelter measures can help to assess shelter quality. The
participation of households remains essential and part of
the process of improving design (Hamilton 2012; Dabaieh
and Alwall 2018). In addition, this method has the advan-
tage to report the longer perspective of the households.
Therefore, a more objective and standardised approach
might include the combination of interviews with shelter
monitoring and measurements and shelter modelling.

Conclusion

Considering the growing number of refugees and IDPs
and the need to provide them with a healthy shelter,
this review has compared different studies to describe
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the main themes of the existing literature and to inform
future research.

Although the humanitarian sector has released a sig-
nificant number of guidelines, they rarely provide clear
guidance concerning shelter and health. Covered living
area per person is the most highlighted standard in each
handbook and manual. However, this indicator does not
represent a complete measure of the shelter adequacy
and other indicators such as thermal comfort or materi-
als are overlooked. There is also a lack of uniformity in
the terminology adopted by the humanitarian actors
and various authors, especially when describing shelters
or housing, which often leads to misinterpretation. It is
recommended that future guidelines should provide clear
guidance on healthy shelter. Additionally, a more uniform
vocabulary is needed in order to facilitate the compara-
tive analysis between different case studies, which is cur-
rently challenging.

The systematic bibliometric analysis presented in this
study was designed to shed light on a field of research
concerning the impact of shelter on human health,
which is deeply overlooked and not regulated by a pre-
cise terminology and guidelines. However, this inves-
tigation demonstrates that there is a limited number of
studies concerning shelter and health and even a more
limited number of studies directly designed to investi-
gate the relationship between shelter and health. Field
studies mainly relied on self-reporting about shelter con-
ditions and health outcomes, without measuring shel-
ter quality in terms of indoor conditions. On the other
hand, there is still a knowledge gap regarding the meas-
uring system to adopt when analysing shelter quality.
For example, in the evaluation of thermal comfort three
main approached can be adopted, but rarely did authors
use the combination of these approaches, which seem to
provide valid data.

Several studies have demonstrated the correlation
between overcrowding and infectious disease and respira-
tory diseases. Other researchers observed that thermal
comfort and air quality inside shelters have a significant
impact on refugees’ and IDPs’ health. They also observed
that through the implementation of smaller retrofits, it is
possible to provide displaced populations with a healthier
indoor environment. None of the researchers have con-
ducted a holistic analysis of the indoor environment of
shelters, but instead analysed different factors, such as air
quality or thermal comfort separately. From their results, it
is still unclear how shelters determine the development of
certain diseases. For instance, there is evidence that poor
air quality increases the incidence of respiratory disease
and that overcrowding is linked to respiratory infections
and diarrheal disease. However, none of the studies pro-
vides a measure of this relationship. Also, poor thermal
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comfort was found to be a threat for refugees and IDDPs,
but very little research provides evidence of it. Therefore,
further research is needed first to provide evidence of the
impact of shelter IAQ and thermal conditions on human
health and then to establish a clear methodology for inves-
tigating the effects of shelter on health.

Self-reports on shelter conditions and health outcomes
have been primary adopted as the main methodology.
Especially in the assessment of thermal comfort, personal
questionnaires played an important role to define occu-
pants’ comfort and desires. On the other hand, investigation
through modelling and field measurement have been dem-
onstrated to be reliable approaches. A more holistic approach
in investigating shelters IAQ and thermal comfort should be
adopted to understand the impact on human health. Fur-
thermore, the heterogeneity of case studies presented in this
review demonstrates that further research is needed to pro-
vide new case studies with more similarities to be compared.

Abbreviations

ARI: Acute respiratory infections; DHS: Demographic Health Survey; IAQ:
Indoor air quality; ICRC: International Committee of the Red Cross; IDP: Inter-
nally displaced person; IEQ: Indoor environmental quality; IFRC: International
Federation of Red Cross and Red Crescent Societies; PMV: Predicted mean
vote; TSV: Thermal Sensation Vote; UNHCR: United Nations High Commis-
sioner for Refugees; URTI: Upper respiratory tract infection; VOCs: Volatile
organic compounds; WaSH: Water and sanitation hygiene; WHO: World Health
Organization.

Acknowledgements
Not applicable.

Authors’ contributions

Formulation of ideas: A. C. (80%), D.A. C. and A. Co. (20%). Background: A. C.
(90%) and A. Co. (10%). Design of the methodology: A. C. (90%) and A. Co.
(10%). Analysis: A. C. (100%). Preparation of manuscript: A. C. (80%), A. Co.
(15%), D.A. C. (5%). Editing drafts of manuscript: A. C. (70%), A. Co.and T. K.
(25%), D. A. C. (5%). All authors read and approved the final manuscript.

Funding
The authors declare that they have no funding.

Availability of data and materials
Not applicable.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 31 August 2021 Accepted: 22 June 2022
Published online: 30 August 2022

References

Ajam R (1998) Thermal comfort in low-cost refugee shelters: a computer simu-
lation study in Wagas, a lower desert valley area in Jordan

Akinyemi OO, Owoaje ET, Ige OK, Popoola OA (2012) Comparative study of
mental health and quality of life in long term refugees and host popu-
lations in Oru-ljebu, Southwest Nigeria. BMC Res Notes 5: https://doi.
org/10.1186/1756-0500-5-394

(2022) 7:18

Page 18 of 20

Akinyemi OO, Owoaje ET, Cadmus EO (2016) In their own words: mental
health and quality of life of West African Refugees in Nigeria. J Int Migr
Integr 17:273-287. https://doi.org/10.1007/512134-014-0409-6

Albadra D, Vellei M, Coley D, Hart J (2017) Thermal comfort in desert refugee
camps: an interdisciplinary approach. Build Environ 124:460-477.
https://doi.org/10.1016/j.buildenv.2017.08.016

Albadra D, Kuchai N, Acevedo-De-los-Rios A, et al (2020) Measurement and
analysis of air quality in temporary shelters on three continents. Build
Environ 185. https://doi.org/10.1016/j.buildenv.2020.107259

Albadra D, Coley D, Hart J (2018) RIBA president’s awards for research 2017
winner of the annual theme - housing: toward healthy housing for the
displaced. J Archit 23:115-136. https://doi.org/10.1080/13602365.2018.
1424227

Al-Betawi YN, Ali HH, Yousef SI (2020) A methodology for evaluating housing
quality in settlements of the displaced in Jordan. J Urban Aff. https://
doi.org/10.1080/07352166.2020.1782226

Al-Khatib IA, Ju'ba A, Kamal N et al (2003) Impact of housing conditions on
the health of the people at al-Ama'ri refugee camp in the West Bank of
Palestine. Int J Environ Health Res 13:315-326. https://doi.org/10.1080/
09603120310001616092

Al-Khatib IA, Arafat RN, Musmar M (2005) Housing environment and women’s
health in a Palestinian refugee camp. Int J Environ Health Res 15:181-
191. https://doi.org/10.1080/09603120500105950

Al-Khatib IA, Tabakhna H (2006) Housing conditions and health in Jalazone
Refugee Camp in Palestine. EMHJ - East Mediterr Health J 12( 1-2):144-
152. https://apps.who.int/iris/handle/10665/117065

Alnsour J, Meaton J (2014) Housing conditions in Palestinian refugee camps,
Jordan. Cities 36:65-73. https://doi.org/10.1016/j.cities.2013.10.002

Alshawawreh L, Pomponi F, D’Amico B, et al (2020) Qualifying the sustainability
of novel designs and existing solutions for post-disaster and post-
conflict sheltering. Sustain 12. https://doi.org/10.3390/5u12030890

American National Standards Institute and AS of HR and A-CE (2017) NASI/
ASHRAE Standard 55-2017 - Thermal Environment | Conditions for
Human Occupancy. Atlanta, ASHRAE

Araya M, Chotai J, Komproe IH, de Jong JT (2011) Quality of life after postcon-
flict displacement in Ethiopia: comparing placement in a community
setting with that in shelters. Soc Psychiatry Psychiatr Epidemiol
46(7):585-93. https://doi.org/10.1007/s00127-010-0223-1

Asgary A, Azimi N (2019) Choice of emergency shelter: valuing key attributes
of emergency shelters. Int J Disaster Resil Built Environ 10:130-150.
https://doi.org/10.1108/1JDRBE-10-2018-0044

Attia S (2014) Assessing the thermal performance of bedouin tents in hot
climates, ASHRAE Proceeding of: Conference on Energy and Indoor
Environment for Hot Climates, Doha, Qatar, p 24-26

Banik R, Rahman M, Hossain MM et al (2020) COVID-19 pandemic and Rohingya
refugees in Bangladesh: what are the major concerns? Glob Public Health
15:1578-1581. https://doi.org/10.1080/17441692.2020.1812103

Behnke NL, Cronk R, Shackelford BB et al (2020) Environmental health condi-
tions in protracted displacement: a systematic scoping review. Sci Total
Environ 726:138234. https://doi.org/10.1016/].scitotenv.2020.138234

Bonnefoy X (2007) Inadequate housing and health: an overview

Bonnefoy X, Braubach M, Moissonnier B et al (2003) Housing and Health in
Europe: Preliminary Results of a Pan-European Study

BREEAM (2021) Building research establishment environmental assessment
method, pp 1-10

Brevik EC, Pereg L, Pereira P et al (2019) Shelter, clothing, and fuel: often overlooked
links between soils, ecosystem services, and human health. Sci Total Envi-
ron 651:134-142. https.//doi.org/10.1016/j.scitotenv.2018.09.158

Buu MMC, Carter L, Bruce JS et al (2014) Asthma, tobacco smoke and the
indoor environment: a qualitative study of sheltered homeless families.
J Asthma 51:142-148. https://doi.org/10.3109/02770903.2013.857682

Cardozo B, Mollica R (2018) Mental Health. In: Townes D (ed) Health in
Humanitarian Emergencies. Cambridge University Press, pp 408-424.
https://doi.org/10.1017/9781107477261.029

Carta MG, Oumar FW, Moro MF et al (2013) Trauma- and stressor related disorders
in the Tuareg Refugees of a Camp in Burkina Faso. Clin Pract Epidemiol
Ment Heal 9:189-195. https.//doi.org/10.2174/1745017901309010189

Chan EYY, Chiu CP, Chan GKW (2018) Medical and health risks associated with
communicable diseases of Rohingya refugees in Bangladesh 2017. Int J
Infect Dis 68:39-43. https://doi.org/10.1016/j.ijid.2018.01.001


https://doi.org/10.1186/1756-0500-5-394
https://doi.org/10.1186/1756-0500-5-394
https://doi.org/10.1007/s12134-014-0409-6
https://doi.org/10.1016/j.buildenv.2017.08.016
https://doi.org/10.1016/j.buildenv.2020.107259
https://doi.org/10.1080/13602365.2018.1424227
https://doi.org/10.1080/13602365.2018.1424227
https://doi.org/10.1080/07352166.2020.1782226
https://doi.org/10.1080/07352166.2020.1782226
https://doi.org/10.1080/09603120310001616092
https://doi.org/10.1080/09603120310001616092
https://doi.org/10.1080/09603120500105950
https://apps.who.int/iris/handle/10665/117065
https://doi.org/10.1016/j.cities.2013.10.002
https://doi.org/10.3390/su12030890
https://doi.org/10.1007/s00127-010-0223-1
https://doi.org/10.1108/IJDRBE-10-2018-0044
https://doi.org/10.1080/17441692.2020.1812103
https://doi.org/10.1016/j.scitotenv.2020.138234
https://doi.org/10.1016/j.scitotenv.2018.09.158
https://doi.org/10.3109/02770903.2013.857682
https://doi.org/10.1017/9781107477261.029
https://doi.org/10.2174/1745017901309010189
https://doi.org/10.1016/j.ijid.2018.01.001

Conzatti et al. Journal of International Humanitarian Action

Checchi F, Gayer M, Grais RF, Mills EJ (2007) Public health in crisis-affected
populations: a practical guide for decision-makers (Network Paper No.
61). Humanitarian Practice Network. ISBN: 978 0 85003 855 2

Christoplos |, Knox-Clarke P, Cosgrave J, Bonino F, Alexander J (2017) Strength-
ening the quality of evidence in humanitarian evaluationsns. ALNAP
Method Note. London, ALNAP/ODI

Connolly MA, Gayer M, Ryan MJ, Salama P, Spiegel P, Heymann DL (2004). Com-
municable diseases in complex emergencies: impact and challenges.
Lancet 364(9449):1974-83. https://doi.org/10.1016/S0140-6736(04)
17481-3

Cornaro C, Sapori D, Bucci F et al (2015) Thermal performance analysis of an
emergency shelter using dynamic building simulation. Energy Build
88:122-134. https://doi.org/10.1016/j.enbuild.2014.11.055

Crawford C, Manfield P, McRobie A (2005) Assessing the thermal performance
of an emergency shelter system. Energy Build 37:471-483. https://doi.
0rg/10.1016/j.enbuild.2004.09.001

Culver A, Rochat R, Cookson ST (2017) Public health implications of complex
emergencies and natural disasters. Confl Health 11:32. https://doi.org/
10.1186/513031-017-0135-8

Dabaieh M, Alwall J (2018) Building now and building back. Refugees at the
centre of an occupant driven design and construction process. Sustain
Cities Soc 37:619-627. https://doi.org/10.1016/j.5¢5.2017.11.002

Dominguez-Amarillo S, Rosa-Garcia A, Ferndndez-Aguera J, Escobar-Castrillon
N (2021) Architecture of the scape: Thermal assessment of refugee
shelter design in the extremes climates of Jordan, Afghanistan and
South Sudan. J Build Eng 42:102396. https://doi.org/10.1016/j.jobe.
2021.102396

Dubray C, Guha-Sapir D (2018) Epidemiology. In: Townes D (ed) Health in
Humanitarian Emergencies. Cambridge University Press, Cambridge, pp
53-67. https://doi.org/10.1017/9781107477261.006

Ekezie W, Timmons S, Myles P, Siebert P, Bains M, Pritchard C (2019) An audit
of healthcare provision in internally displaced population camps in
Nigeria. J Public Health (Oxf) 41(3):583-592. https://doi.org/10.1093/
pubmed/fdy141

Fazel S, Geddes JR, Kushel M (2014) The health of homeless people in high-
income countries: Descriptive epidemiology, health consequences, and
clinical and policy recommendations. Lancet 384:1529-1540

Feyera F, Mihretie G, Bedaso A et al (2015) Prevalence of depression and asso-
ciated factors among Somali refugee at melkadida camp, southeast
Ethiopia: a cross-sectional study. BMC Psychiatry 15:171. https://doi.org/
10.1186/512888-015-0539-1

Fosas D, Albadra D, Natarajan S, Coley D (2017) Overheating and health risks
in refugee shelters: assessment and relative importance of design
parameters. In: Brotas L, Roaf S, Nicol F (eds) PLEA 2017 Proceedings:
Design to Thrive. NCEUB, Passive Low Energy Architecture, Edinburgh,
pp 3746-3753

Fosas D, Albadra D, Natarajan S, Coley D (2018) Refugee housing through
cyclic design. Architect Sci Rev 61(5):327-337. https://doi.org/10.1080/
00038628.2018.1502155

Fosas D, Albadra D, Natarajan S, Coley D (2019) Improving the thermal comfort
in new shelters. https://doi.org/10.6084/M9.FIGSHARE.8977556.V1

Fosas D, Moran F, Natarajan S, Orr J, Coley D et al (2020) The importance of
thermal modelling and prototyping in shelter design: Transforming
shelter design for the displaced. Build Res Inf 48:379-400. https://doi.
0rg/10.1080/09613218.2019.1691489

Furnival-Adams J, Olanga EA, Napier M, Garner P (2019) Housing interventions
for preventing malaria. Cochrane Database Syst Rev 2019. https://doi.
org/10.1002/14651858.CD013398

Hamdan M, Abd-Alhamid F, Dabbour L (2021) Impact of passive techniques
on thermal behavior of emergency shelters. Ecol Eng Environ Technol
22:112-119. https://doi.org/10.12912/27197050/135523

Hammer CC, Brainard J, Hunter PR (2018) Risk factors and risk factor cascades
for communicable disease outbreaks in complex humanitarian emer-
gencies: a qualitative systematic review. BMJ Glob Heal 3:e000647

Hamilton N (2012) Post-disaster shelter : a studio-based response to emer-
gency shelter in natural disaster zones

He L (2018) We need land first: Identifying local needs for sustainable recovery
after the 2015 Gorkha earthquake, Nepal. WIDER Working Paper Series
wp-2018-62, World Institute for Development Economic Research
(UNU-WIDER)

IFRC (2013) IFRC Ten design

(2022) 7:18

Page 19 of 20

IRC (2020) This is only available online: https.//www.rescue.org/report/irc-
annual-report-2020. Accessed May 2020

Jatta E, Jawara M, Bradley J et al (2018) How house design affects malaria
mosquito density, temperature, and relative humidity: an experimental
study in rural Gambia. Lancet Planet Heal 2:e498-e508. https://doi.org/
10.1016/52542-5196(18)30234-1

Klansek T, Coley DA, Paszkiewicz N et al (2020) Analysing experiences and
issues in self-built shelters in Bangladesh using transdisciplinary
approach. Springer, Netherlands

Klansek T, Coley DA, Paszkiewicz N et al (2021) Analysing experiences and
issues in self-built shelters in Bangladesh using transdisciplinary
approach. J Hous Built Environ 36:723-757. https://doi.org/10.1007/
$10901-020-09783-z

Kouadio IK, Kamigaki T, Oshitani H (2010) Measles outbreaks in displaced popula-
tions: A review of transmission, morbidity and mortality associated factors

Lee M, Shi L, Zanobetti A, Schwartz JD (2016) Study on the association
between ambient temperature and mortality using spatially resolved
exposure data. Environ Res 151:610-617. https://doi.org/10.1016/].
envres.2016.08.029

Manfield P, Ashmore J, Corsellis T (2004) Design of humanitarian tents for use
in cold climates. Build Res Inf 32:368-378

Marano N, Ahmed JA (2018) Acute respiratory infection. In: Townes D (ed)
Health in Humanitarian Emergencies: Principles and Practice for Public
Health and Healthcare Practitioners. Cambridge University Press, Cam-
bridge, pp 295-309. https://doi.org/10.1017/9781107477261.022

Matte TD, Jacobs DE (2000) Housing and health - current issues and implica-
tions for research and programs

Moffa M, Cronk R, Fejfar D et al (2019) A systematic scoping review of environ-
mental health conditions and hygiene behaviors in homeless shelters.
Int J Hyg Environ Health 222:335-346

Nardell EA (2016) Indoor environmental control of tuberculosis and other air-
borne infections. Indoor Air 26:79-87. https://doi.org/10.1111/ina.12232

Nix E, Paulose J, Shrubsole C et al (2020) Evaluating housing health hazards:
prevalence, practices and priorities in Delhi’s Informal Settlements. J
Urban Heal 97:502-518. https://doi.org/10.1007/s11524-020-00442-w

Obyn S, Van Moeseke G, Virgo V (2015) Thermal performance of shelter model-
ling: improvement of temporary structures. Energy Build 89:170-182.
https://doi.org/10.1016/j.enbuild.2014.12.035

Owoaje E, Uchendu O, Ajayi T, Cadmus E (2016) A review of the health prob-
lems of the internally displaced persons in Africa. Niger Postgrad Med J
23:161. https://doi.org/10.4103/1117-1936.196242

Prinja S, Bahuguna P, Pinto AD et al (2012) The cost of universal health care in
India: a model based estimate. PLoS One 7:e30362. https://doi.org/10.
1371/journal.pone.0030362

Quarantelli EL (1982) General and particular observations on sheltering and
housing in American disasters. Disasters 6:277-281. https://doi.org/10.
1111/).1467-7717.1982.tb00550.x

Reeder L, AIA LEED AP. Enough Already: Katrina, FEMA Trailers, and the Road
Forward. 2008. Retrieved from: http://www.aia.org/akr/Resources/
Documents/AIAP037883 Stuckey

Saleh SY, Gadi M (2012) An investigation into thermal comfort of shelters in refu-
gee camps in palestine using questionnaires and computer simulation

Sen A (2002) Health: perception versus observation. BMJ 324:860-861

Setchell C, Argenal E, Malany L, Giannone P (2018) Shelter and Settlements. In:
Townes D (ed) Health in Humanitarian Emergencies: Principles and Prac-
tice for Public Health and Healthcare Practitioners. Cambridge University
Press, Cambridge, p 257-269. https://doi.org/10.1017/9781107477261.019

Shackelford BB, Cronk R, Behnke N et al (2020) Environmental health in forced
displacement: a systematic scoping review of the emergency phase. Sci
Total Environ 714:136553. https://doi.org/10.1016/j.scitotenv.2020.136553

Shaw M (2004) Housing and public health. Annu Rev Public Health 25:397-418

Susanti L (2015) Thermal comfort evaluation of emergency tent using PMV and
PPD model. In: Proceedings of the International MultiConference of Engi-
neers and Computer Scientists, vol 2, IMECS, Hong Kong, pp 958-963

Sphere Association (2018) The Sphere Handbook: Humanitarian Charter and
Minimum Standards in Humanitarian Response

Sphere Project (2018) The Sphere Handbook

Steadman RG (1979) The assessment of sultriness. Part I. A temperature-
humidity index based on human physiology and clothing science. J
Appl Meteorol 18:861-873. https://doi.org/10.1175/1520-0450(1979)
018%3c0861:TAOSPI%3e2.0.CO;2


https://doi.org/10.1016/S0140-6736(04)17481-3
https://doi.org/10.1016/S0140-6736(04)17481-3
https://doi.org/10.1016/j.enbuild.2014.11.055
https://doi.org/10.1016/j.enbuild.2004.09.001
https://doi.org/10.1016/j.enbuild.2004.09.001
https://doi.org/10.1186/s13031-017-0135-8
https://doi.org/10.1186/s13031-017-0135-8
https://doi.org/10.1016/j.scs.2017.11.002
https://doi.org/10.1016/j.jobe.2021.102396
https://doi.org/10.1016/j.jobe.2021.102396
https://doi.org/10.1017/9781107477261.006
https://doi.org/10.1093/pubmed/fdy141
https://doi.org/10.1093/pubmed/fdy141
https://doi.org/10.1186/s12888-015-0539-1
https://doi.org/10.1186/s12888-015-0539-1
https://doi.org/10.1080/00038628.2018.1502155
https://doi.org/10.1080/00038628.2018.1502155
https://doi.org/10.6084/M9.FIGSHARE.8977556.V1
https://doi.org/10.1080/09613218.2019.1691489
https://doi.org/10.1080/09613218.2019.1691489
https://doi.org/10.1002/14651858.CD013398
https://doi.org/10.1002/14651858.CD013398
https://doi.org/10.12912/27197050/135523
https://www.rescue.org/report/irc-annual-report-2020
https://www.rescue.org/report/irc-annual-report-2020
https://doi.org/10.1016/S2542-5196(18)30234-1
https://doi.org/10.1016/S2542-5196(18)30234-1
https://doi.org/10.1007/s10901-020-09783-z
https://doi.org/10.1007/s10901-020-09783-z
https://doi.org/10.1016/j.envres.2016.08.029
https://doi.org/10.1016/j.envres.2016.08.029
https://doi.org/10.1017/9781107477261.022
https://doi.org/10.1111/ina.12232
https://doi.org/10.1007/s11524-020-00442-w
https://doi.org/10.1016/j.enbuild.2014.12.035
https://doi.org/10.4103/1117-1936.196242
https://doi.org/10.1371/journal.pone.0030362
https://doi.org/10.1371/journal.pone.0030362
https://doi.org/10.1111/j.1467-7717.1982.tb00550.x
https://doi.org/10.1111/j.1467-7717.1982.tb00550.x
http://www.aia.org/akr/Resources/Documents/AIAP037883
http://www.aia.org/akr/Resources/Documents/AIAP037883
https://doi.org/10.1017/9781107477261.019
https://doi.org/10.1016/j.scitotenv.2020.136553
https://doi.org/10.1175/1520-0450(1979)018%3c0861:TAOSPI%3e2.0.CO;2
https://doi.org/10.1175/1520-0450(1979)018%3c0861:TAOSPI%3e2.0.CO;2

Conzatti et al. Journal of International Humanitarian Action

Steadman RG (1984) A universal scale of apparent temperature. J Clim Appl
Meteorol 23:1674-1687. https://doi.org/10.1175/1520-0450(1984)023%
3¢1674:AUSOAT%3e2.0.CO;2

Tabbaa D, Seimenis A (2013) Population displacements ad a risk factor for the
emergence of epidemics. Vet Ital 49:19-23

Taioli E, Tuminello S, Lieberman-Cribbin W et al (2018) Mental health challenges
and experiences in displaced populations following Hurricane Sandy and
Hurricane Harvey: the need for more comprehensive interventions in
temporary shelters. J Epidemiol Community Health 72:867-870

Thapa R, Rijal HB, Thapa R, Rijal HB (2016) Study on thermal environment and ther-
mal comfort in autumn season of temporary shelters in Nepal after massive
earthquake 2015. Int Assoc Lowl Technol 18:119-128

Thapa R, Rijal HB, Shukuya M (2018) Field study on acceptable indoor tempera-
ture in temporary shelters built in Nepal after massive earthquake 2015.
Build Environ 135:330-343. https.//doi.org/10.1016/j.buildenv.2018.03.001

Thapa R, Rijal HB, Shukuya M, Imagawa H (2020) Study on winter indoor
thermal environment of temporary shelters built in Nepal after massive
earthquake 2015. J Inst Eng 15(3):340-348. https://doi.org/10.3126/jie.
v15i3.32217

Tuladhar S, Jahn J, Samuelson H (2019) Tempering The Temporary: Improving
Thermal Comfort and Human Well-being in Relief Shelters, pp 547-554.
https://doi.org/10.26868/25222708.2019.211323

Turner A, Pathirana S, Daley A, Gill PS (2009) Sri Lankan tsunami refugees: a
cross sectional study of the relationships between housing conditions
and self-reported health. BMC Int Health Hum Rights 9:16. https://doi.
0rg/10.1186/1472-698X-9-16

Tusting LS, Gething PW, Gibson HS, Greenwood B, Knudsen J, Lindsay SW,
Bhatt S. Housing and child health in sub-Saharan Africa: A cross-sec-
tional analysis. PLoS Med. 2020;17(3):e1003055. https://doi.org/10.1371/
journal.pmed.1003055

Tustingi LS, Gething PW, Gibson HS, Greenwood B, Knudsen J, Lindsay SW,
Bhatt S. Housing and child health in sub-Saharan Africa: A cross-
sectional analysis. PLoS Med. 2020;17(3):1-18. https://doi.org/10.1371/
JOURNAL.PMED.1003055

UNHCR (2007) Handbook for Emergencies

UNHCR (2016) Shelter design catalogue

UNHCR (2019) Global Report 2019

UNHCR (2021) UNHCR - Shelter. In: UNHCR. https://www.unhcr.org/shelter.
html. Accessed 19 Mar 2022

UNHCR (2022) UNHCR report. https://www.unhcr.org/hk/en/winter2021.
Accessed 14 Mar 2022

Paszkiewicz N, Fosas D (2019) Reclaiming refugee agency and its implications
for shelter design in refugee camps. In: International Conference on:
Comfort at the Extremes: Energy, Economy and Climate, Ecohouse
Initiative Ltd, Dubai, pp. 584-594

van Eck NJ, Waltman L (2010) Software survey: VOSviewer, a computer pro-
gram for bibliometric mapping. Scientometrics 84:523-538. https://doi.
org/10.1007/s11192-009-0146-3

Von Seidlein L, Ikonomidis K, Bruun R et al (2012) Airflow attenuation and
bed net utilization: observations from Africa and Asia. Malar J 11:200.
https://doi.org/10.1186/1475-2875-11-200

Wang C (2022) A numerical study on applying the movable PCM design to
disaster-relief prefabricated temporary houses used in different climate
regions to improve indoor thermal environments in summer. Int J
Energy Res 1-14. https://doi.org/10.1002/er.7988

Williams H, Schilperoord M, Townes D, Kachur S (2018) Malaria. In: Townes D
(ed) Health in Humanitarian Emergencies: Principles and Practice for
Public Health and Healthcare Practitioners. Cambridge University Press,
Cambridge, pp 348-361. https://doi.org/10.1017/9781107477261.025

WHO (2014) Indoor Air Quality Guidelines: Household Fuel Combustion

WHO (2018) Report on the health of refugees and migrants in the WHO
European Region

WHO (2019) Promoting the health of refugees and migrants: Draft global
action plan, 2019-2023. Seventy-second WHA Provisional agenda
item 1:1-13. https://www.who.int/publications/i/item/promoting-the-
health-of-refugees-and-migrants-draft-global-action-plan-2019-2023

World Health Organization (2018a) Health of refugees and migrants: Regional
situation analysis, practices, experiences, lessons learned and ways
forward. WHO African Reg 28

World Health Organization (2018b) WHO Housing and health guidelines.
Geneva, World Health Organization. Licence: CC BY-NC-SA 3.0 IGO

(2022) 7:18

Page 20 of 20

World Health Organization (2018¢) Report on the Health of refugees and
migrants in the WHO European Region

Wu J, Huang C, Pang M et al (2019) Planned sheltering as an adaptation
strategy to climate change: Lessons learned from the severe flooding in
Anhui Province of China in 2016. Sci Total Environ 694:133586. https://
doi.org/10.1016/j.scitotenv.2019.133586

Zabaneh JE, Watt GCM, O'Donnell CA (2008) Living and health conditions of
Palestinian refugees in an unofficial camp in the Lebanon: a cross-
sectional survey. J Epidemiol Community Health 62:91-97. https://doi.
0rg/10.1136/jech.2006.054338

Zetter R (2012) Shelter and settlement for forcibly displaced people. In: Smith
SJ (ed) International Encyclopedia of Housing and Home. Elsevier, pp
330-335. ISBN 9780080471716, https://doi.org/10.1016/B978-0-08-
047163-1.00024-2

Ziersch A, Walsh M, Due C, Duivesteyn E (2017) Exploring the relationship
between housing and health for refugees and asylum seekers in south
Australia: A qualitative study. Int J Environ Res Public Health 14:. https://
doi.org/10.3390/ijerph 14091036

Ziersch A, Due C (2018) A mixed methods systematic review of studies exam-
ining the relationship between housing and health for people from
refugee and asylum seeking backgrounds. Soc Sci Med 213:199-219

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1175/1520-0450(1984)023%3c1674:AUSOAT%3e2.0.CO;2
https://doi.org/10.1175/1520-0450(1984)023%3c1674:AUSOAT%3e2.0.CO;2
https://doi.org/10.1016/j.buildenv.2018.03.001
https://doi.org/10.3126/jie.v15i3.32217
https://doi.org/10.3126/jie.v15i3.32217
https://doi.org/10.26868/25222708.2019.211323
https://doi.org/10.1186/1472-698X-9-16
https://doi.org/10.1186/1472-698X-9-16
https://doi.org/10.1371/journal.pmed.1003055
https://doi.org/10.1371/journal.pmed.1003055
https://doi.org/10.1371/JOURNAL.PMED.1003055
https://doi.org/10.1371/JOURNAL.PMED.1003055
https://www.unhcr.org/shelter.html
https://www.unhcr.org/shelter.html
https://www.unhcr.org/hk/en/winter2021
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1186/1475-2875-11-200
https://doi.org/10.1002/er.7988
https://doi.org/10.1017/9781107477261.025
https://www.who.int/publications/i/item/promoting-the-health-of-refugees-and-migrants-draft-global-action-plan-2019-2023
https://www.who.int/publications/i/item/promoting-the-health-of-refugees-and-migrants-draft-global-action-plan-2019-2023
https://doi.org/10.1016/j.scitotenv.2019.133586
https://doi.org/10.1016/j.scitotenv.2019.133586
https://doi.org/10.1136/jech.2006.054338
https://doi.org/10.1136/jech.2006.054338
https://doi.org/10.1016/B978-0-08-047163-1.00024-2
https://doi.org/10.1016/B978-0-08-047163-1.00024-2
https://doi.org/10.3390/ijerph14091036
https://doi.org/10.3390/ijerph14091036

	A review of the impact of shelter design on the health of displaced populations
	Abstract 
	Introduction
	Systematic and bibliometric review
	Bibliometric analysis
	Systematic analysis

	Comparative analysis
	Overcrowding
	Air quality
	Indoor temperatures

	Investigation of shelter design factors
	Investigation of IAQ
	Investigation of indoor temperatures

	Discussion
	Results of bibliometric and systematic analysis
	Results of comparative analysis
	Thermal comfort assessment
	Evidence supporting future studies
	Limitations in the assessment of the impact of shelters on health

	Conclusion
	Acknowledgements
	References


